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ABSTRACT 
 
 
Haze originated from forest fire burning in Indonesia has become a problem for South-east 
Asian countries including Malaysia. Haze affects data recorded using satellite due to 
attenuation of solar radiation by haze constituents. This causes problems to remote sensing 
data users that require continuous data, particularly for land cover mapping. There are 
numbers of haze removal techniques but these techniques suffer from limitations since they 
are developed and designed best for particular regions, i.e. mid-latitude and high-latitude 
countries. Almost no haze removal techniques are developed and designed for countries 
within equatorial region where Malaysia is located. This study is meant to identify the 
effects of haze on remote sensing data, develop haze removal technique that is suitable for 
equatorial region, especially Malaysia and evaluate and test it. Initially, spectral and 
statistical analyses of simulated haze datasets are carried out to identify the effects of haze 
on remote sensing data. Land cover classification using support vector machine (SVM) is 
carried out in order to investigate the haze effects on different land covers. The outcomes 
of the analyses are used in designing and developing the haze removal technique. Haze 
radiances due to radiation attenuation are removed by making use of pseudo invariant 
features (PIFs) selected among reflective objects within the study area. Spatial filters are 
subsequently used to remove the remaining noise causes by haze variability. The technique 
is applied on simulated hazy dataset for performance evaluation and then tested on real 
hazy dataset. It is revealed that, the technique is able to remove haze and improve the data 
usage for visibility ranging from 6 to 12 km. Haze removal is not necessary for data with 
visibility more than 12 km because able to produce classification accuracy more than 85%, 
i.e. the acceptable accuracy. Nevertheless, for data with visibility less than 6 km, the 
technique is unable to improve the accuracy to the acceptable one due to the severe 
modification of spectral and statistical properties caused by haze.  
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ABSTRAK 
 
 
Jerebu yang berasal dari pembakaran hutan di Indonesia telah menjadi masalah kepada 
negara - negara Asia Tenggara termasuk Malaysia. Jerebu memberi kesan kepada data 
yang direkod menggunakan satelit disebabkan oleh pelemahan radiasi suria oleh unsur-
unsur jerebu. Ini menjadi masalah kepada pengguna data remote sensing yang 
memerlukan data yang berterusan, terutamanya untuk pemetaan litupan tanah. Telah 
wujud beberapa teknik penyingkiran jerebu tetapi teknik-teknik ini mengalami beberapa 
batasan kerana dibangunkan dan direka khas untuk kawasan-kawasan tertentu seperti 
negara-negara latitud pertengahan dan tinggi. Hampir tiada yang dibangunkan dan 
direka untuk negara di dalam kawasan khatulistiwa di mana Malaysia terletak. Kajian ini 
bertujuan untuk mengenalpasti kesan jerebu pada data remote sensing, membangunkan 
teknik penyingkiran jerebu yang sesuai untuk kawasan khatulistiwa, terutama Malaysia 
dan menilai dan mengujinya. Permulaannya, analisis spektrum dan statistik dilakukan 
pada satu set data simulasi jerebu untuk mengenalpasti kesan jerebu pada data remote 
sensing. Pengkelasan litupan tanah menggunakan ‘support vector machine’ (SVM) 
dilakukan untuk mengkaji kesan jerebu pada jenis litupan tanah yang berbeza. Hasil 
analisis seterusnya digunakan untuk mereka dan membangunkan teknik penyingkiran 
jerebu. Radian jerebu disebabkan oleh pengurangan radiasi disingkirkan dengan 
menggunakan ‘pseudo invariant features (PIFs)’ yang dipilih di antara objek reflektif di 
dalam kawasan kajian. Seterusnya, tapisan spatial dilakukan untuk menyingkirkan 
gangguan selebihnya yang disebabkan oleh kepelbagaian jerebu. Teknik ini diaplikasikan 
pada set data simulasi jerebu untuk menilai prestasinya dan kemudian diuji pada data 
jerebu sebenar. Telah didapati bahawa teknik ini mampu untuk menyingkir jerebu dan 
meningkatkan kebolehgunaan data untuk jarak ketampakan dari 6 ke 12 km. Penyingkiran 
jerebu adalah tidak diperlukan untuk data dengan jarak penampakan lebih dari 12 km 
kerana ia boleh menghasilkan ketepatan pengkelasan lebih dari 85%, iaitu ketepatan yang 
boleh diterimapakai. Walaubagaimanapun, untuk data dengan jarak penampakan kurang 
dari 6 km, teknik ini tidak mampu untuk meningkatkan ketepatan pengkelasan kepada 
ketepatan yang boleh diterima kerana pengubahsuaian yang teruk pada sifat- sifat  
spektrum dan stastistik disebabkan oleh jerebu. 
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CHAPTER 1 
 
1 INTRODUCTION 
 
1.1 Research Background 
Approximately, only 30% of the earth surface is land while the other 70% is water. 
Nevertheless, land area has been a living place for almost 7 billion world population. 
Besides that, 99.7% of the world‘s food to human being comes from land while only 0.3%  
comes from oceans and other aquatic ecosystems (Pimentel and Wilson, 2004). With 
regards to this, there is a sense of urgency to monitor how human makes use land area to 
fulfil their necessities. For such purpose, there have been efforts to monitor land cover/land 
use over land using various tools. Initially land survey is carried out on foot where land 
cover/land use information is written manually on papers. By using this approach, a huge 
amount of information can be obtained however, it consumes a lot of time, man power, 
besides logistically expensive particularly for large areas.  
With technology advancement, in mid-1800s, camera was invented where picture 
was taken by photographers not only from ground but also from balloons in attempt to get 
a larger coverage of land. The first unmanned camera was later introduced in the end of 
1800s where camera was mounted on a kite and later in the early 1900s on an aircraft in 
which was known as aerial photography. Aerial photography has been used to monitor land 
cover/land use for more than 50 years. Although aerial photography has successfully 
facilitated the process of obtaining land information nevertheless, the maintenance cost for 
the sensor and the airplane are very expensive especially for continuous implementation. 
Satellite remote sensing was only been used as an alternative to aerial photograph in 1972 
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when the first land satellite, known as ‗Landsat 1‗ was launched by NASA (National 
Aeronautics and Space Administration), USA with the primary mission to map global land 
cover. Since then, remote sensing data have been one of the most important tools not only 
for monitoring but also mapping land uses/covers. Land use and land cover map is 
important for various decisions making and planning. The information is widely used by 
users ranging from students, researchers, engineers technical workers to policy makers. 
Among the most crucial use of satellite remote sensing at regional and national 
level is for monitoring land cover/use change, deforestation, natural disaster and gazette 
the land boundary. This is primarily important for many countries including Malaysia that 
is fast developing and experiencing vast changes in land development and urban 
modification. If the land use is not monitored and managed properly, it may result in 
devastating disaster such as landslide, flash flood in urban area, land degradation, 
destruction tropical land forest and loss of biodiversity.  
Before further discussion, we first need to clarify the definition of land use and land 
cover. Land use is referred as how human exploit the land properties. It includes land use 
for modification of management of land for agricultural, urbanization, forestry and forest 
conservation. While land cover describes physical material on the earth, it can be natural or 
planted vegetation, urban infrastructure, water, or anything that can be identified on the 
earth surface (Mohsin, 2014).  In other words, land use indicates how people utilize land, 
while land cover indicates physical land type, therefore unlike land cover, land use cannot 
be determined from satellite remote sensing. Satellite remote sensing can determine land 
cover which in turn can infer land use that present at a particular area. 
Land cover maps produced by remote sensing imagery have been widely used to 
fulfil global, regional and national needs. Malaysia is also not left behind in producing her 
own national land cover maps. It has been produced by the Department of Agriculture 
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(DOA) since 1966 (Mahmood et al., 1997) and later through a collaboration work between 
DOA and Malaysian Remote Sensing Agency (MRSA) or formerly known as Malaysian 
Centre for Remote Sensing (MACRES), under the government‘s Ministry of Science, 
Technology and Innovation (MOSTI).  
The availability of land cover map has trigged research projects nationally and 
regionally particularly with regards to resources and environmental management. One of 
the major national projects coordinated by MRSA is precision farming. Precision farming 
is aimed to increase crop production by systematically monitoring plant growth, yield 
condition, soil moisture, water irrigation, and weather condition. This is done by 
integrating remote sensing, GPS and GIS technologies with ground farming facilities. In 
precision farming, plant phenology data can be systematically collected, modelled and 
eventually crop yield for every harvesting season can be predicted.  Also, plant necessities 
such as fertilizers, pesticides and water can be optimally consumed to safeguard plant 
vigour. The precision farming concept is illustrated in  Figure  1.1. In Malaysia, precision 
farming has been implemented to paddy field and oil palm. In paddy farming, there is a 
need for continuous satellite data supply in short period of time as cultivation period of 
paddy is between 110 to 135 days from sowing seeds until harvesting. However, in 
Malaysia data acquisition using remote sensing devices tends to be interrupted by 
environmental factors, particularly haze. When haze is too severe, satellite data for certain 
period of time cannot be obtained, therefore causing problems in data analysis and 
interpretation tasks. 
 
